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METHOD 11-+—DETERMINATION OF RYDROGEN SUL-
FIDE EMINSION® PROM STATIONALY SOURCES 5

1. Principle and applicability.

1.1 Principle. Rydrogen  sulfide (H8) 1s
collected from the source in a series of midget
impingers and reacted with alkaline cad-
mium hydroxide |C4(OH),] to form cad-
mium sulfide (CdS), The precipitated Td8
is then dissolved in bydrochloric acid and
absorbed In a known volume of fodine solu=
tion. The fodine consumed is a measure of

tho H.S content of the gas. An impihger con. '

talning hydropen peroxide is included to re-
move SO, as an Interfering species, ’

1.2 Applcability. This method 15 applica-
ble for the determination of hydrogen sul-
fide emissions from stationary sources only
when specified by the test procedures for
delermintng compliance with the new source

‘performance standards.

2. Apparatus.

2.1 Sampling train. '

2.1.1 Sampling line—6- to T-mm (34 -tnch)
Teflon ! tubing Lo connect sampling train to
‘sampling valve, with provisions for heating
to prevent condensation. A pressure reduc-
ing valve prior to the Teflon sampling line
mny be required depending on sampling
Elream pressure.

212 Impingers—-Five midget impingers,
each with 20-mil eapacits. or ejguivnlent.

2.1.3 Ice bath contginer——To mnintain ah-
sorbing solutfon at a constant temperature.

2.1.4 Silica gel drying tube—To Drotect
pump and dry grs meter,

2.1.5 Needle valve, or equivaient—Stainless
steel or other corrosion resistant material, to
adjust gas flow rate, .

2.1.6 Pump—Lenk free, diaphragm type, or
equivalent, to transport gas. (Not required
if samipling stream under peaitive pressure.)

2.1.5 Dry gas mefer—Sufliclently sccurate
to measure samipls volume to within 1 per-
cent,

2.1.8 Rate rieter—Rotameter, or equivalent,
to measure a flow rate of 0 to 3 liters per
minute (0.1 ft'/min).

2.1.9 Groduated eylinder—25 ml.

2.1.10 Rarometer—To messura atmosnheric
pressure within =25 mm (0.1 in.) Heg.

2.2 Sample Recovery.

221 Sample rontatner—500-mi glass-stop-
pered lodine flask. I

2.2.2 Pipette—50-ml volumetric

223 Brakers—250 mil, .

2.2.4 Wash bottle—Qiass. ’

- 2.3 Analysts,

2.3.1 Flask~—500-in} glass-stoppered fodine
flask.

233.2 Buretie—One 50 ml.

2.3.2 Flask—125-ml conical.

" 3. Reagents.

3.1 Sampling.

"3.1.1 Ahsorbing  solution—Ceadmium hy-
droxtde (C4(OH),)~—Mix 4.3 g cadratum sul-
fate Lydrate (3 CdS0,.0H,0) and 0.3 ¢ of
sodium hydroxide (NnOH) in 1 liter of dis-
tilled water (H.O). Mix well.

Note: The cadmium hydroxide formed in
this mixture will precipitate as s white gus-
pPension. Therefore, this solutlion must be
thornughly mixed before using to ensure sn
even dirtribution of the endmlium bydroxide.

3:.1.2 Hydrogen peroride, 3 percent—Dilute
36 percent hydrogen peroxide to 8 percent
a5 needed. Prepare fresh dally;

3.2 Sample recovery,

32.1 Hydrochlrrie aedd solution (HCl), 10
percent by weighi—Mix 230 ml of concen-
tratad HCI (specific gravity 1.19) and T70 mi
of distilled H,O.

type.

1 Mention of trade names or specific prod-
ucts does not enastitute endorsemnent by the
Environmentsl FCrotection Agency. :
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- 322 Jodi-i: solution, 0.1 N——Dissoive 24 g
potassium i-Jide (KI) in 30 ml of distilled
HO In a 1 I'ter graduated eylinder, Weigh
12.7 g of resublimed lodine (1I.) into a weigh-~
ing bottle and add to the potassium fodide
soiution. Shake the mixture until the todine
te completely dissolved, Slowly dilute the so-
lution to 1 lter with distilled H., 0, with
swirling. Filiter the solution, if cloudy, snd
store in a brown glass-stoppered bottle.

3.2.3 Standard fodine solution, 0.01 N—Di-
iute 100 mi! of the 0.1 N lodine solution in a
volumetric flask to 1 liter with distilled
water, s :

Standardize daily as follows: Pipette 25 m}
of the 0.01 N lodine solution Into & 125-ml
conical flask. Titrate with standard 0.01 N
thiosulfate solution (see paragraph 3.32) un-
tll the solution 18 a light yellow, Add a few
drops of the starch solution and continue
titrating until the blue color just disap-
pears. From the results of this titration, cal-
culate fhe exact normality of the jodine
_solution (see paragraph 5.1).

3.2.4 Distilled, deionized water.

3.3 Analysis. ’

3.3.1 Sodium thiosulfate solution, standard
0.1 N-~For each liter of solution, dissolve
24.8 g of sodium thiosulfate (NA,8.0, - 5H.0)
in distilled water and ndd 0.01 g of anthydrous
sodium carbonate (Na,O,) and 0.4 ml of
cliloroform: (CHCl,) to stabilize. Mix thor-
oughly by shaking or by aerating with nitro-
gen for approximately 15 minutes, and store
in s glass-stoppered glass bottle. .

Standardize frequently asg folloygg: Weigh
into a 500-ml! volumetric lask about 2 g of
potassium dichromate (K,Cr,0,) weighed
to the nearest milligram and dilute to tne
500-ml mark with distilled H.0. Use di-

chromate which has been crystallized from’

distilled water and oven-dried at 182°C to
189°C (360°F to 390°F). Dissolve approxi-
mately 3 g of potassium lodide (KI) in 50 mt
of distllled water in & glass-stoppered, 500-m1
conical flask, then add 5 ml of 20-percent
hydrochloric acld solution. Pipetie 50 ml of

. the dichromate solution Into tbis mixture.

Gently swirl the solution once and allow it
to stand in the dark for 5 minutes, Dilute
the solution with 100 to 200 ml of distllled
water, washing down the sides of the flask
with part of the water. Swirl the solution
elowly and titrate with the thiosulfate solu-
tion until the solution is light yellow. Add
4 ml of starch solution and continue with a
slow titration with the thiosulfate until the
bright blue color has disappeared and only
the pale green color of the chromic jon re-
mains. From this titration, calculste the ex-
art normality of the sodtum thiosulfate solu-
tion (see paragroph §5.2).6

3.3.2 Sodium thiosulfete solution, standard
0.01 N—Pipette 100 ml of the atandnrd 0.1 N
thiosulfats solution (nto a volumetric flask
and dilute to one liter with distiiled water,

3.3.3 Starch indicator solution—Suspend.

10 g of noluble starch Iln 100 ml of distilled
water and add 15 g of potassium hydroxide
Dellets. Stir untll dissolved, dilute with 600
ml ‘of distilled water, and let stand 1 hour.
Neutralize the alkall with concentrated by~
drochloric ocid, using sn Indlcator paper
similar to Alkacid test ribbon, thea add 2 ml
of glacial acetlc aclid as n preseryative.

Test for decomposition by titrating 4 ml of
stareh solution n 200 ml of distilled water
with 0.01 & {odlne solutien. If more than 4
drops of the 0.0 N lodine solutlon are re
quired to obtatn the blue color, make up a
fresh starch solution.

4. Procedure,

4.1 Sampling. .

4.1.1 Assemble the sampling troin as shown
in Filgure 11-1, connecting the five midget
implogers in series. Place 16 ml of 3 percent
hydrogen peroxide in the first tmpinger. Place
15 ml of the abaorblng eolution In each of
the next three lmpingers. leaving the fth
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dry. Flace crushed ice around the unpinger
Add more ice during the run to keop to
temperature of the Rgases leaving the 1a:
impinger at about 20°C (70°P), or less.

4.12 Purge the connecting line betwee
the sampling valve and the first impinge
Connect the sample Iine to the train, Recor
the initial reading on the dry gas meter ¢
shown In Table 11-1, o
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TasLz 11-1.—Field data

Location o oo Comments:

Tt e cceameman

Date e —

Operator oo ...

Barometric pressure._
Gas volums Rotameter -

. Cloek through setting, Lpm Motar

tims meter (Va), - (cubie feet tamperatura,
llu-.l}a (c)uble per minute) *C(CF)
eol,

4.1.3 Open the flow control valve and ac
Just the samplilng rate to 1.13 liters pe
minute (0.04 cfm). Read the meter temper
ature and record on Table 11-1.

4.1.4 Continue sampling o minimum of 1
niinutes, 1f the yellow color of cndmium sul
fide 13 visible In the thira tmpinger, analyst
should contirm that the appHcable standare
has been exceeded, At the end of the sampi'
time, close the flow control valve and reas
the final roeter volume and temperature.

4.1.5 Disconnect the impinger traln fron
the sampling llne. Purge the train with clear
amblent alr for 15 minutes to ensure that a.
I1,S 13 removed from tae hydrogen peroxide
Cap the open ends and move to the sample
clean-up area.

4.2 Sample recovery. . R

4.3.1 Pipetta 50 ml of 0.01 ¥ lodine solutior
into a 250-m) beaker. Add 50 ml of 10 petcen’
HCI to the solution. Mix well,

4.2.2 Discard the contents of the hydroger
peroxide Imploger. Carefully transfer the con.
tents of the remaining four impingers to .
500-m! lcdine flasik,

4.23 Rinse the four absorblng tmpinger:
and connecting glassware with three portio:
of the acidified todine solution. Use the ern
tire 100 ml of acidified iodine for this pur-
poce, Imnmedinlely niter pouring the acidifiec
iodine into an Impinger, stopper it and shak.
for a few moments befors transferring th«
rinsa to the jodine fask. Do not trmaster any
rinse portlon from ona impinger to another
transfer it directiy to the todine fiask, Ones
acldifed jodine sotutinn has been. poured Intc
any glassware contalolng cadmlum gulidce
sample, the coatalaer must be tightly stop-
pered at Al times except when adding mor:
solution, and this must be done ag quicgiy
and caretully as possible, After addirg any
acidified lodine rolution to ths todine fask
allow a few minutes for absorptilon of the Hz=
Into the lodine before adding any furtkes
rinses,
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4.2.4 Follow this rinse with two more rinses
using distilled water. Add the distilled water
rinses to the lodine flask, Stopper the fiask
and shake well. Allow about 30 mlnutes for
absorption of the H.S into the jodine, then
complete the analysis titration.

Caution: Eeep the lodine flask stoppered
oxcept when adding sample or titrant,

425 Prepare s blank in an jodine flasxk
using 45 ml of the absorbing solution, 50 mt
of 0.0 N lodlne solution, and §0 ml of 10
percent HCL, Stopper the flask, shake well
and analyze with the samplea, .

5. Caleulations.

4.3 Analy:'s,

Note: Tals analysis titrstion should be
conducted at the samplng location in order
to prevent loss of lodine from the sarple
Titretion ahould never be made In direst
sunlight,

4.3.1 Titrate the soiution in the flask with
0.01 N sodium thiosuifate solution until the
solution 13 light yellow. Add 4 ml of the
starch indicator solution end oontinue
titrating until the blue color just disappears,

4.3.2 Titrate the blanks in the same mam
ner as the samples.

5.1 Normaluy of the standard wdme solution.

. NI""

where: .
Nr=normality of fodine, g-eq/liter,
Vr=volume of lodine used, ml.

N:Ve

Vi . equation 11-1

s

Nyr=normality of sodlum thiosulfate, g-eq/liter.
Vy=volume of sodium thlosulfate used, ml.
5.2 Normality of the siandard thiosulfate salution., ®

where:
W=weight of K,C'r,()y used, g.
Ve=volume of Na,S;0, use,d ml.

’ w
Nr=2.04 ‘—,;

equation 11-3

Nr=normality of atandard thiosulfate solution, g-eq/liter.

2.04=converslon {actor

(6 eq I/mole K,;Cr0) (1,000 mifh)

=1294.2 g K,Cr,0:/mole) (10 aliquot factor). -

5.3 Dry gas volume. Correct the sample volume measured by the dry gas meter to
standard conditions 121°C(70°F )} and 760 mm (29.92 inches) Hg} by using equation 11-3,

whete)

otd Ph'
.‘“‘—V- ( ) Pud)

equation 1]-3

Vi, s = volume at standard condxtions of gas eumple through the dry gas meter,

ntandard Hters (scf).

V= volume of gas sample through the dry gss meter (met,er conditlons), liters

(cu.

T..d-ahsolube temp»mture at standard condxtions, 294°K (520°R).
T.==average dry gans meter temperature, °I{ (°R).
P.,.,-‘barometric presaure at the orifice meter, mm Hgz (In. H
P, a=absohite pressure at standard conditions, 760 mia Hg (29 92 in. Hg).
5.4 Conceniralion of H;S.—Calculate the concentration of H,S in the gas atream af

standard conditions using equation 11-4»

c I\[(VIN!—VTNT)unol-—(VTNI "'VTN‘I')hh-kl
Hy8 =

where (metric 1nits):

V"ud

Cp,s=concentration of H,3 at standard conditlons, mg/dsem

K =converslon factor=17.0X 10%

(34 07 g/mole H,5)(1,000 1/m3)(1,000 mg/g)

(1,000-mi/1)(2H,3 eq/mole)

1r=volume of standard jodine solution, ml.
Nr=normality of standard iodine solutmn g-eq/litet,
Ve =volume of standard sodium thlmu\h\to selution, ml.

v
where (English unita): s

17.0(15.43 gr/g)
(1,000 1/m?)

K=0.263=

V,-. o =rcl.
Cyryn = gr/dscf.
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